Diversidade em Uma Comunidade de Abelhas (Hymenoptera: Apoidea) e Vespas Sociais (Hymenoptera:
Hymenoptera, especially the Apoidea group, are the most important plant pollinators in natural and agricultural ecosystems (Roubik 1989 , Neff & Simpson 1993 , and are strongly related to the evolution and diversification of the angiosperms (Bawa 1990) . Generally, the bees are totally dependent on the floral resources for the maintenance of adults and nests.
Although wasps present less effective participation as pollinators in natural ecosystems, their adults (males and females) are regular flower visitors and nectar consumers, especially social wasps, which also collect nectar for energy supply of their colonies (Gadagkar 1991) . Social wasps are included in the Vespidae family, which is divided in two subfamilies: Vespinae, typical of temperate areas and Polistinae of tropical areas (Richards 1978) .
Studies of insect flower visitors are especially facilitated by the possibility of observation and capture of a great number of individuals which use different and measurable resources (Sakagami et al. 1967 , Heithaus 1979 . In tropical ecosystems, most studies consist of inventories with species of insects and plants visited, where the authors include discussions about the interactions and community structure patterns of the floral visitors (Pinheiro-Machado et al. 2002) .
Many authors have addressed more specifically the aspects of pollination (Herrera 1987 (Herrera , 1989 , trophic resources partitioning (Aguiar 2003) and organization patterns of the populations: relative abundance and diversity (Heithaus 1979 , Martins 1994 , Aguiar & Martins 1997 , dominance hierarchy (Carvalho & Bego 1995) and spatial and temporal distribution (Cane & Payne 1993 , Alves-dos-Santos 1999 . Few authors compare the results obtained from similar methodology, attempting to detect faunistic patterns among communities from the same ecosystem or between different ecosystems (Silveira & Campos 1995 , Neves & Viana 2002 .
Bahia State, in Brazil, presents a large area and great ecosystem diversity. The studies of floral visitor insect communities accomplished in this state involved exclusively bee guilds [exception for the social wasps in Santos (2000) ], and have concentrated on semi-arid areas, within the domain of the "caatingas" (e.g. Carvalho 1999 , Castro 2001 , Aguiar 2003 .
The "campos rupestres" vegetation in Bahia -BA is restricted to mountains higher than 900 m in Chapada Diamantina (Harley 1995) . Two studies of bee communities were carried out in this area, the first one focusing on solitary and social bees (Martins 1994 ) and other one restricted to eusocial bees (Viana et al.1997 ). Both were conducted in "cerrado" ecosystem with elements of campos rupestres. For the campos rupestres vegetation in Minas Gerais State, the melittophilous fauna was reported in Serra do Cipó and Lavras Novas, at Serra do Espinhaço (Faria & Camargo 1996 , Faria-Mucci et al. 2003 .
In the present work, the bee and social wasp community structure was studied in a restricted area of campos rupestres in Chapada Diamantina considering two parameters for diversity analysis -the abundance of individuals and the biomass of the samples -in attempt to improve the floral visitor community description.
Material e Methods
The Serra do Espinhaço, of which Chapada Diamantina is part, is composed by a group of mountains with ca. 1000 m of altitude that extend for about 1000 km from North to South, with width varying from 50 km to 100 km. The mountain areas of Minas Gerais and Bahia present a disjunction of about 300 km, where the rivers Rio de Contas, Rio Pardo and Rio Jequitinhonha pass through (Harley 1995) . Chapada Diamantina (delimited approximately by the parallel 10º43'S and 14º20'S and the meridians 40º40'W and 43º00'W) is composed by a group of local mountains in the central part of Bahia (Fig. 1) .
Campos rupestres are a characteristic vegetation of areas above 800-900 m of altitude in the whole Serra do Espinhaço.
This formation presents open vegetation with a stratum of monocot herbs, sub-shrubs and shrubs of dicots. Although campos rupestres dominate the landscape of higher areas in Chapada Diamantina, due to altitude, soil, and microclimatic variations, other characteristic vegetation types from different ecosystems also occur, such as "caatingas", cerrados and seasonal forests, composing a mosaic of physiognomies (Giulietti et al. 1996 (Giulietti et al. , 1997 .
The climate in the region is higher elevation tropical (Cwa), according to Köppen's classification. It is defined by fresh summers and a marked dry season from May to September, and humid season from October to March.
The study was accomplished in Serra dos Brejões (12º27'30"S and 41º27'56"W), Palmeiras locality, BA. The site is located at 1000 m of altitude, over a large plateau, usually with shallow soils. Rifts on the rocks are common, on which organic material, soil and moisture are retained, allowing the development of vegetation. The lower altitudes of Serra dos Brejões are covered by cerrado vegetation, with the predominance of herbs and some scattered shrubs.
The bee and social wasp community was investigated from September 2001 to April 2002, in campos rupestres area, with approximately 1ha. The insects were collected monthly, in two consecutive days, always by two collectors, with 170h of sampling effort. Each flowering plant in the area was carefully inspected for about 5 to 10 min, in attempt to standardize the sampling effort. The methodology was adapted from Sakagami et al. (1967) .
The insects were collected directly from the flowers and killed with ethyl-acetate. They were dried in an oven at 40°C for 15h, and later weighted in an analytic scale with accuracy of 0.1 mg. Voucher specimens were deposited in the Entomological Collection of State University of Feira de Santana (CUFS), BA.
The flower visitor community structure was described using the abundance of individuals and biomass. The biomass of each species was obtained with the total sum of individual dry weights.
The species were classified in relation to constancy as: constant (species sampled in more than 80% of collections), accessory (species sampled between 20% and 79% of collections) and accidental (species sampled in less than 19% of collections). As heterogeneity measures of the community structure, the Shannon (H') diversity (Magurran Adapted from Giulietti et al. 1997. 1988) and Pielou (J') evenness indexes (Magurran 1988) were used. The abundance distribution was described using Preston's Lognormal model (Laroca 1995) .
The species dominance hierarchy was determined using the occurrence probability according to Kato's et al. method (Laroca 1995) , with confidence limit of 0.05. With this method, dominant species are considered the ones that present lower confidence limit higher than the inverse of the total number of species, multiplied by 100 (V 1 = S -1 x100). The faunistic similarities among bee communities studied in different ecosystems were evaluated considering faunas from: (1) campos rupestres, in Chapada Diamantina (BA, present work), (2) cerrado, within Chapada Diamantina region (Martins 1994) , (3) caatinga, at approximately 300 km from Chapada Diamantina region (Aguiar 2003) , (4) campos rupestres, from Serra do Cipó (Minas Gerais State, Faria & Camargo 1996) , and (5) campos rupestres, at Lavras Novas (Minas Gerais State, Faria-Mucci et al. 2003) , Fig.1 .
In attempt to evaluate the similarity among the faunas we transformed the data to log (x + 1) before using the Morisita-Horn similarity coefficient (Magurran 1988 ) and applied the UPGMA algorithm. The similarity matrix and dendrogram were built using the software PAST (Hammer et al. 2001) .
Results
We collected a total of 640 individuals (17.898 g of biomass), with representatives of 50 species, distributed in 22 genus of bees and six genus of social wasps. Thirty nine species (588 individuals/ 15.742 g) were bees from the Apoidea group and 11 species (52 individuals/ 2.156 g) were social wasps from Vespidae family.
Apidae was the richest (23 spp.) and most abundant bee family in number of individuals and biomass 551 / 15 g). Apinae subfamily was represented by seven eusocial bees species and 12 semi-social and solitary bees species, and Xylocopinae by four species. The second bee family in richness and individuals abundance was Halictidae (12 spp. / 23 individuals), followed by Megachilidae (3 spp. / 13 individuals) and Colletidae (1 sp. / 1 individual). Among the wasps, all of 11 species were representatives of Polistinae subfamily, which was the second most abundant group in number of individuals and biomass (52 / 2 g) ( Table 1) .
In relation to constancy, only social species were classified as constant, being collected in more than 80% of the sampled period. Bombus brevivillus Franklin and Trigona spinipes (Fabricius) (Apidae, Apinae) were the most constant bee species, being collected all months. B. brevivillus presented the highest abundance between September and November. T. spinipes was most abundant in November, and in the same period Apis mellifera (L.), which was the third most constant species, was absent. Among the social wasps, Synoeca cyanea (Fabricius) (Vespidae, Polistinae) was the most constant, being collected during the whole sampling period, except in February and April.
In terms of relative contribution of each subfamily, Apinae was the most important, representing 39% of the total species number, 85.6% of individuals and 80.3% of the biomass sampled within the community. Although Halictinae has been the second subfamily in relation to richness, Polistinae was the second most important in terms of individuals (8%) and total biomass (12.2%) contribution for community (Table 2) .
As an heterogeneity measurement for the community structure, the diversity and evenness indexes calculated for individuals abundance (H' = 2.14 and J' = 0.55) and biomass (H' = 2.34 and J' = 0.60) suggest not only low richness and unbalanced distribution of the abundance among the species, but an unbalanced distribution of the biomass contribution of each species for the community too, although, a little less.
The slight difference of evenness indexes between the two parameters could be illustrated, through the Preston's Lognormal model of distribution of abundance and biomass classes (Fig. 2) . The abundance distribution curve of individuals presents 84% of the total species number concentrated on the left side, indicating a much higher frequency of rare species than intermediate and common species, in terms of number of individuals. The biomass distribution curve contains 63% of the species on the left side, indicating a high frequency of species with low weight, but 37% of the species presented intermediate and large biomass, suggesting a little more even distribution of the total biomass community among the species.
The species dominance hierarchy presents differences in number of dominant species and ordination rank, between the abundance of individuals and biomass parameters (Fig.  3) . Considering abundance of individuals, T. spinipes, A. mellifera, F. francoi (Moure) and B. brevivillus were the predominant species, with lower confidence limit higher than V 1 = 2.04. These species represented 81% of the total number of insects sampled. The social wasps S. cyanea, Polistes canadensis (L.), Myschocyttarus drewseni (Saussure) and the Megachile (Pseudocentron) sp.1 bees presented intermediate abundance in the rank. The remaining species, represented by six individuals or less, were considered rare. Among the 50 species of visitors, 48% were represented by a single individual.
Considering the biomass, there was an inversion in the dominance hierarchy of species. In this case, B. brevivillus contributed with a large part of biomass in the community, presenting high variation in body-size among individuals, due to the inclusion of males, queens and workers bees with different weights (average = 0.148 mg; max. = 0.511 mg and min. = 0.049 mg). The second dominant species in biomass was A. mellifera followed by T. spinipes. These three species together were responsible for 65.3% of the total sampled biomass (Fig. 3) . The social wasps S. cyanea and P. canadensis, and the bees Eufriesea nigrohirta (Friese), Xylocopa grisescens Lepeletier and M. (Pseudocentron) sp.1 were also considered dominant in relation to the biomass, although few individuals had been collected.
The dendrogram obtained from the similarity faunistic analysis among five floral visitor bee communities presents a higher similarity among faunas sampled in Bahia and among faunas sampled in Minas Gerais, than among the faunas sampled in campos rupestres (Fig. 4) . The bee fauna from Palmeiras (Serra dos Brejões, present work) was most similar to bee faunas from Itatim with 34% of similarity, using Morisita-Horn indexes.
Discussion
The organization patterns of local flower visitor communities has been descript more frequently by the number of individuals collected during resource collection or foraging activities. In general, as well as in our study, those communities in different tropical ecosystems present high number of rare species and few common species, with low levels of evenness in the relative contribution of the component species in community, being the eusocial bees responsible for the great number of the samples , Carvalho & Bego 1995 , Aguiar & Martins 1997 .
In Palmeiras (Chapada Diamantina) the common species were represented mainly by eusocial bees, with predominance of A. mellifera and T. spinipes. These species do not require specific places for colony establishment, for they build external nests. They stay active during the whole year and also store food to maintain the colony in periods of food shortage. Although their individuals are small and present low biomass, they constitute nests with great number of workers, being responsible for most of the biomass of the Martins 1994 , Faria & Camargo 1996 , Viana et al. 1997 , and also in other Brazilian ecosystems (Martins 1994 , Neves & Viana 2002 , Aguiar 2003 . Finally, some authors consider, especially among insects, that species with numerous populations with low biomass per individual could present smaller extinction rates and could support population fluctuations (Varley & Gradwell 1970 In most studies, Bombus species do not use to be dominant because of the small number of collected animals (Martins 1994 , Aguiar & Martins 1997 , Aguiar 2003 . In Palmeiras, B. brevivillus was not the most abundant species in number of individuals but it was in relation to biomass. We collected males, queens and worker bees directly on flowers during the whole sampled period, and the individuals presented a great body weight variation (0.049-0.511 mg). The high biomass of this species could be related to a great capacity of foraging for long distances and under unfavorable climatic conditions and to the capacity of energetic supply of the colonies. On the other hand, the maintenance of a large number of individuals with so high individual weight could be unviable in some ecosystems, being the balance of biomass and abundance of individuals an important point for the Bombus species contribution in different communities.
In our study, we present some characteristics of the floral visitor community structure that could be more evident comparing two parameters in diversity analysis -abundance of individuals and biomass -once the biomass could be used as an indirect measurement of the energetic request for each species. The slight differences in relation to: (1) diversity and evenness indexes between the parameters; (2) the frequency distribution curves of abundance and biomass; and (3) the dominance hierarchy of the number of individuals and biomass species, suggest that the effective contribution of each species on the community organization is not determinate only by the number of the consumers within the community, but also by the quantity of biomass that has to be maintained.
Considering that, biomass can be a good parameter to improve floral visitor community description in the attempt to detect organization patterns and relationships among the species (during resource exploitation activity), which are not evidenced in the direct quantification of individuals.
The 11 social wasp species from the subfamily Polistinae collected in this study are the first report of this group in Brazilian campos rupestres. Santos (2000) , focusing on the Polistinae wasps in a caatinga area (locality of Itatim, BA), registered 13 species, which six of them were also sampled in the present work in Chapada Diamantina. Sporadic collections carried out elsewhere in Chapada Diamantina (localities of Jacobina, Morro do Chapéu, Lençóis, Mucugê and Rio de Contas) indicate the occurrence of at least seven other social wasp species in the region.
In Palmeiras, most of the social wasps species are rare and collected sporadically, but two specifically species, S. cyanea and P. Canadensis, were present in more than 50% of the samples. S. cyanea (Epiponini tribe) was the most abundant and constant species among the wasps, presenting activity during the whole sampling period. This occurrence pattern of Epiponini wasps was also observed by Santos (2000) in caatinga ecossistem and by Heithaus (1979) in tropical forest. Rossi & Hunt (1988) suggested that the constancy of the Epiponini tribe can be associated to greater capacity to produce honey and to maintain the colony activities during eventual shortage periods than the other tropical social wasp tribes (Polistini and Myschocitarini).
Although wasps constantly visit flowers of several plant species in different tropical ecosystems (Gadagkar 1991) , and therefore are effective components of insect floral resource consumers community, few works include bees and wasps in their diversity analysis (Heithaus 1979 , Gess & Gess 1993 . In the present study, the wasps represented 20% of number of species and 12.2% of the total biomass sampled, being the second most important group in the community.
Comparative analyses among faunas from different places are usually hindered because of the differences in the sampling intensity, sampling period, area size and the type of habitat studied (Heithaus 1979 , Cure et al. 1990 ). However, qualitative and quantitative comparisons of studied faunas that used similar methodologies can supply information about possible richness and abundance patterns for communities from the same ecosystem type, ecotone zones or different ecosystems (Silveira & Campos 1995 , Viana et al. 1997 , Neves & Viana 2002 ).
The comparative analysis among different bee surveys presented in the work, suggested greater similarity among the bees faunas in Bahia, including different ecosystems as Figure 3 . The dominance hierarchy of bee and social wasp species for number of individuals and biomass parameters, using the Kato's model (Laroca 1995) . V 1 = 2.04. campos rupestres, cerrados and caatinga (present study, Martins 1994 , Aguiar 2003 than to faunas from campos rupestres in Minas Gerais (Faria & Camargo 1996 , FariaMucci et al. 2003 .
Comparing the bee community in Palmeiras to the two nearest community (Lençóis, Martins 1994 sp. Figure 4 . The faunistic similarities among bee communities studied in five different localities: Palmeiras, BA (present work); Lençóis, BA (Martins 1994) ; Itatim, BA (Aguiar 2003) ; Serra do Cipó, MG (Faria & Camargo 1996) ; Lavras Novas, MG (Faria-Mucci 2003) , Brazil.
Lençóis is not only observed the cerrado ecosystem, but also areas of campos rupestres on rocky outcrops, humid and seasonal forests. This way, this area could constitute a legitimate ecological tension zone associated to immigrant populations from other ecosystems (Martins 1994) . In the same way, the bee fauna in Itatim presents a composition typical of caatinga areas, with high number of Centridini species (Aguiar 2003) .
Considering that, the results presented in this work and the comparison with other areas indicate a large similarity of the sampled fauna in Palmeiras with neighboring ecosystems, even though with low values of similarity , in spite of occurrence of a campos rupestres richness pattern.
